Exposure to artificial sweetener acesulfame-K (AK) at early development stages may influence the adult sweet preference and the periphery gustatory system. We observed that the intraoral AK stimulation to mice from postnatal day 4 (P4) to weaning decreased the preference thresholds for AK and sucrose solutions in adulthood, with the preference pattern unchanged. The preference scores were increased in the exposure group significantly when compared with the control group at a range of concentrations for AK or sucrose solution. Meanwhile, more α-Gustducin-labeled fungiform taste buds and cells in a single taste bud were induced from week 7 by the early intraoral AK stimulation. However, the growth in the number of α-Gustducin-positive taste bud or positive cell number per taste bud occurred only in the anterior region, the rostral 1-mm part, but not in the intermediate region, the caudal 4-mm part, of the anterior two-third of the tongue containing fungiform papillae. This work extends our previous observations and provides new information about the developmental and regional expression pattern of α-Gustducin in mouse fungiform taste bud under early AK-stimulated conditions.
Introduction
Pieces of evidence have demonstrated that both genetic differences (Drewnowski et al. 2001 ) and experiences (Smriga et al. 2002) are involved in the formation of food preferences. However, the experiential and nutritional factors can override genetic differences in peripheral taste sensitivity in determining food appetite to some degree (Sclafani 2006) . Specifically, the early experience of taste changes may underlie the individual differences in food acceptability throughout the life span (Mennella and Beauchamp 1999; Mennella et al. 2001; Smriga et al. 2002; Mennella and Beauchamp 2005; Beauchamp and Mennella 2009 ). We have recently found that the mother's dietary exposure to an artificial sweetener acesulfame-K (AK), transferring to amniotic fluid or mother's milk, in pregnancy or lactation decreases the preference thresholds but enhances the preference scores for AK and sucrose solutions in the adult mice offspring (Zhang et al. 2011 ).
During early postnatal development, the peripheral gustatory system is susceptible to anatomical modification by postnatal taste stimulations (Hendricks et al. 2004; Hill 2004) . Our previous work has indicated that intraoral infusion of AK solution at the early postnatal stage, from P4 to weaning, increases the number, promotes the maturation, and enlarges the size of mouse fungiform taste bud during the postnatal stages, including adulthood (9 weeks old; Zhang et al. 2010) . However, whether the early intraoral AK stimulation to the pups affects the adults' sweet preference remains unknown.
Gustducin is a heterotrimeric guanine nucleotide-binding protein (G protein) , which is first demonstrated in rats and then confirmed in humans. In rat taste buds, the α-subunit of gustducin has been found in cells with characteristics of type-II (light) cells (Boughter et al. 1997) and is mainly localized in apical microvilli (Yang et al. 2000) . α-Gustducin is believed to be a reliable marker of chemosensitive cells and is reported to be associated with sweet, bitter, and umami transduction (Kim et al. 2003b; Glendinning et al. 2005; Danilova et al. 2006; Palmer 2007) . We previously reported the development alterations of α-Gustducin expression, as well as the regional differences in the density, volume, and α-Gustducin expression pattern in mouse fungiform taste buds (Zhang et al. 2006; Zhang et al. 2008a; Zhang et al. 2008b) . Nevertheless, the developmental or regional changes in α-Gustducin expression pattern by the early intraoral AK stimulation need to be explored.
In this study, we extended the related previous work (Zhang et al. 2006; Zhang et al. 2007; Zhang et al. 2008a; Zhang et al. 2008b; Zhang et al. 2010; Zhang et al. 2011 ) and investigated the changes in the adult mice's sweet preference and the developmental and regional alterations of α-Gustducin expression pattern in mouse fungiform taste bud induced by the early intraoral AK stimulation.
Materials and methods
All experiments were reviewed and approved by the Life Sciences Intramural Use and Care Committee of Changshu Institute of Technology before the study.
Animals
Pregnant Institute-of-Cancer-Research (ICR) female mice were purchased from Zhejiang Academy of Medical Science (China) and checked twice daily at 9:00 AM and 4:00 PM. Pups were individually caged after weaning on P21. Room temperature was approximately 23°C, with 50% humidity. The schedule of lighting was maintained on a 12-h light-dark cycle, with the light phase beginning at 8:00 AM. Animals had free access to food (Purina Lab Chow; 24.5% protein, 50.3% carbohydrate, and 4.4% fat; 3.93 kcal/g gross energy; 0.31% sodium, 0.99% potassium, and 1.46% calcium) and water.
Oral-chemical stimulation
The oral-chemical stimulation performed on pups from P4 to weaning was described previously (Zhang et al. 2010) ; AK solution (10 mg/mL, 49.72 mM, 2 mL, diluted in distilled water, Yuanye Food Chemicals Co., Ltd, China) was infused slowly to the dorsal surface of the tongue within 10 min, twice daily (9:00 AM and 4:00 PM). As for the control group, only distilled water (2 mL) infusion was used. There were six pregnant mice in each group. As for the behavioral tests, 11 male pups were chosen from each group (12 pup[s] per mother) and were housed in cages (without mother, 56 males in a cage) since weaning.
Sweet solution preparation
Sweetener solutions were prepared in deionized water. Two sweeteners, AK and sucrose (Beijing Yuan Ye Food Chemistry Co., Ltd), were used. The range of the solution concentrations was chosen according to the previous reports (Schiffman and Gatlin 1993; Bachmanov et al. 2001) . We prepared the following two series of solutions in half-log steps (10 concentration gradients): one series of AK solutions containing 0. 01, 0.04, 0.13, 0.42, 1.33, 4.21, 13.28, 41.97, 132.63, and 419 .12 mM and the other series of sucrose solutions containing 0. 03, 0.10, 0.32, 1.20, 3.80, 12.00, 38.00, 125 .00, 400.00, and 1400.00 mM.
Two-bottle preference test
The two-bottle preference (TBP) behavioral test was referred to the recommended ways of Monell Chemical Senses Center (Bachmanov et al. 2001) . After adaptation to the deionized water of double-tube for 1 week, every 8-week-old adult male mouse was single-caged and presented with two tubes, with one tube containing a certain concentration of sweetener solution (AK or sucrose) and the other tube containing deionized water. The tubes used here for TBP test were modified serological transfer pipettes (COSTAR, USA; 25 mL, nonpyrogenic; Bachmanov et al. 1996; Bachmanov et al. 2001 ): double-barreled placed sideby-side with rubber band in a fixed cage at the right side, double-apex apart from 15 mm, tube tips into the cage 25 mm. Each tube had a stainless steel tip with a 3.2-mm diameter hole so that mice could easily lick the liquid. The sweetener concentrations tested were increased by half-log steps as mentioned earlier. Each concentration was tested for 48 h. The positions of the tubes were switched every 24 h to control side preference. Daily measurements were made in the middle of the light period by reading the fluid volume accurate to 0.2 mL. There were no breaks between testing different concentrations.
Immunohistochemistry
Animals in the control or AK exposure group were sacrificed at day 0, or week 1, 2, 3, 7, and 9, postnatal. The anterior two-thirds of mice tongue tissue were embedded as described previously (Harada et al. 2000; Zhang et al. 2006; Zhang et al. 2008b) . Complete serial coronal sections (10 μm per section) were cut, and mounted onto glass slides. Sections were blocked and then incubated with the primary antibody (rabbit polyclonal anti-α-Gustducin, 1:100, Santa Cruz) for 24 h at 4°C. The corresponding biotinylated secondary antibody was applied for 2 h at 4°C. The slices were washed and then incubated with SA-Cy3 for 10 min at 37°C and washed. For the nuclei counting, slices were further incubated with 4',6-Diamidino-2-Phenylindole (DAPI) (50 μg/mL) for 10 min at room temperature and washed. Immunofluorescent sections were observed with a Leica laser confocal scanning microscope, and images were captured with a charge-coupled-device spot camera for data analysis. Negative controls lacking the primary antibody were performed in parallel. To get the total number of labeled taste buds, the unlabeled ones were counted under the bright fields. As to the percentage of labeled cells in a single taste bud, the total number of cells in a taste bud was acquired by counting the DAPI stained nuclei.
To observe the developmental expression pattern of α-Gustducin in fungiform taste buds in the control and AK exposure groups, the whole anterior two-thirds of mouse tongue at different ages were studied (3 mice at each age per group). However, in the regional analysis, the whole anterior two-thirds of adult mouse tongue were divided into two regions: the anterior 1 mm as the anterior region and the caudal 4 mm as the intermediate region. Here, a labeled taste bud was defined as a bud with at least one α-gustducin-positive cell. All the fungiform taste buds containing α-Gustducin-positive cells at different regions (the whole anterior two-thirds, the anterior, or the intermediate regions) were counted (N = 3, number of mice per group). To avoid counting the same taste bud on different (adjacent) sections more than once, we selected one slice of every 4 consecutive sections to get the number of labeled taste buds, as the average size of adult mice's fungiform taste bud is 40 μm (horizontal diameter). To calculate the number of α-Gustducin-positive cell per taste bud, 10 fungiform taste buds in different regions (the whole anterior two-thirds, the anterior or the intermediate region) of each mouse tongue were randomly selected (N = 3, number of mice per group). Thus, a total of 30 taste buds in each group (N = 30, number of taste buds per group) were evaluated to get the average counts of α-Gustducin-labeled cells in a single taste bud.
Data analyses
All data were expressed as mean ± standard deviation. In the TBP tests, daily fluid intakes were averaged over two days at each solution concentration. As the relationship between body weight and fluid intake was indicated previously (Bachmanov et al. 1998) , body weights of individual mice were measured before and after each test series, averaged, and used to calculate fluid intakes per 30 g body weight (the approximate weight of an adult mouse). The significance of preference or avoidance of a taste solution in the TBP tests was determined by comparing the solution and water intakes with paired t-tests. As this comparison was made for 10 sweetener concentrations for each group, Bonferroni correction was applied to avoid potential false-positives owing to multiple comparisons. The level of statistical significance was set at P < 0.05/10, or 0.005 (Bachmanov et al. 2001) . Preference or avoidance thresholds were defined as the lowest solution concentrations that were consumed in significantly larger or smaller quantities than water, respectively (Bachmanov et al. 2001) .
To analyze group differences for sweetener (AK or sucrose) solution intakes and the sweet preference scores, two-way analysis of variance with repeated measures was used, with treatment as between-group factor and concentration as the within-group factor; significant interaction effects were evaluated using simple main effects tests at each concentration ). Taste preference scores were expressed as percent intakes (24-h intake of sweetener solution/total intake) × 100. P < 0.05 was considered statistically significant.
As for the studies on α-Gustducin expression, Student's t-tests were used to evaluate differences between individual means. Group means were calculated for labeled taste buds using N = 3 (number of mice), and for gustducin-positive cells per taste bud using N = 30 (number of taste buds). P < 0.05 was considered statistically significant.
Results

Sweet preference patterns and scores
The sweet preference patterns of adult male mice at the age of 8 weeks were detected by the TBP tests to explore the influence of early intraoral exposure to AK solution (10 mg/ mL, 2 mL, diluted in distilled water, infused slowly to the dorsal surface of the tongue within 10 min, twice daily) during the lactation period (from P4 to P21). The body weights of the adult males used for TBP tests were monitored. In the AK solution test, the body weights were (37.41±0.65) and (37.37±0.71) g in the control and exposure groups, respectively. In the sucrose solution test, the body weights were (37.48±0.59) and (37.50±0.63) g in the control and exposure groups, respectively. No significant difference was observed among these groups.
A typical indifference-preference-avoidance pattern was observed in the control and the exposure groups as a function of increasing AK concentration ( Figure 1A and B). Mice preferred 0.04-132.63 mM AK solutions relative to water in the exposure group, whereas mice in the control group preferred 1.33-132.63 mM AK solutions ( Figure 1A and B). Thus, the preference threshold in the exposure group was 0.04 mM, which is lower than the threshold of 1.33 mM in the control group. The avoidance threshold was the same-419.12 mM-in both groups ( Figure 1A and B) . Moreover, mice in the exposure group consumed substantially more AK solution than did the control mice at the concentrations of 0.04-41.97 mM (Group × Concentration, F(9,219) = 11.11, P < 0.001) ( Figure 1C ). As for the sucrose solutions, the typical indifference-preference pattern was demonstrated, whereas the preference threshold in the exposure group was 1.20 mM, which is lower than 12.00 mM in the control group ( Figure 1D and E) . Similarly, the exposure group consumed more sucrose solution than did the control group at 1.20-12.00 mM concentrations (Group × Concentration, F(9,219) = 9.67, P < 0.001; Figure 1F ).
The AK preference score of the exposure group exceeded that of the control group at a range of AK concentrations (Group × Concentration, F(9,219) = 26.06, P < 0.001; Figure 2A ). Mice in the exposure group had higher preferences for 0.04, 0.13, 0.42, 1.33, 4.21, and 13.28 mM of AK solutions compared with those in the control group, and the increases in the preference percentage were 18.55%, 39.96%, 42.74%, 29.62%, 10.56%, and 9.29%, respectively. Thus, the average increase was 25.12% ( Figure 2A ). As for the sucrose solutions, the preference score in the exposure group was significantly higher than that of the control group at 3.80 mM (Group × Concentration, F(9,219) = 25.66, P < 0.001), and the increase in the preference percentage was 30.10% ( Figure 2B ).
Expression pattern of α-Gustducin in fungiform taste buds
We previously revealed that there were significant regional differences in the counts, maturation, size of taste buds, and α-Gustducin expression pattern between the anterior and intermediate regions of mouse tongue (Zhang et al. 2008b) , hence the number of fungiform taste bud containing α-Gustducin-positive cells or the number of labeled cell per taste bud was first counted for the whole anterior two-thirds of tongue ( Figure 3A , B and C), and the regional differences were compared later ( Figure 4) . As shown in Figure 3 , during the postnatal development, the total number of α-Gustducin-positive fungiform taste bud in the control group grew rapidly within 2 weeks postnatal [from (12.0±1.2) to (83.7±2.4)], tardily from week 3, and reached (105.7±2.9) at week 9 ( Figure 3B) . Meanwhile, the number of labeled cell per fungiform taste bud was increased gradually after birth, from (2.1±0.1) on day 0 to (9.4±0.2) at week 9 in the control group ( Figure 3C) . However, the early intraoral AK exposure induced more labeled taste buds (P < 0.05) and α-Gustducinpositive cells in a single taste bud (P < 0.01 or P < 0.001) in the exposure group from week 7 significantly compared with those in the age-matched control group ( Figure 3B and C) .
As we previously reported that such treatment increased the number and size of fungiform taste bud (Zhang et al. 2010) , the percentage changes in the number of labeled taste buds and in the number of labeled cells per taste bud were then studied. It was shown that the percentage of labeled taste buds from week 7 was increased significantly by AK exposure compared with the control group ( Figure 3D ), Figure 1 Two-bottle tests for AK and sucrose solutions. Adult male mice at the age of 8 weeks were tested to detect the effects of early intraoral exposure to AK solution (10 mg/mL, 2 mL, diluted in distilled water, infused slowly to the dorsal surface of the tongue within 10 min, twice daily) during the lactation period (from P4 to P21). *P < 0.0001, AK (or sucrose) solution versus water; # P < 0.001, control versus exposure. N = 11. BW, body weight. but there was no remarkable difference in the percentage of labeled cells per taste bud between the control and exposure groups at week 7 or 9 ( Figure 3E ), implying that both α-Gustducin-positive and α-Gustducin-negative cells were increased in mouse fungiform taste buds by AK exposure. The whole anterior two-thirds of adult mouse tongue were divided into two regions for further analysis: the anterior 1 mm as the anterior region and the rostral 4 mm as the intermediate region (Zhang et al. 2008b ). As shown in Figure 4 , the number of positive taste bud at week 9 in the anterior region was much higher than that in the intermediate region either in the control or the exposure group (P < 0.05; Figure 4A ), but there was no significant difference in the number of labeled cell per taste bud between Figure 2 Preference scores for AK and sucrose solutions. Adult male mice of 8 weeks, with early intraoral AK stimulation (from P4 to P21), were tested. **P < 0.001, ***P < 0.0001, control versus exposure. N = 11.
Figure 3
Expression patterns of α-Gustducin in fungiform taste buds in the control and AK exposure groups. Representative images were for α-Gustducin immunostaining (A). Quantitative evaluation of the total number of fungiform taste bud containing α-Gustducin-positive cells (3 mice at each age per group) (B) and the number of α-Gustducin-positive cell per taste bud (3 mice at each age per group, 10 taste buds per animal; thus, 30 taste buds for each age per group) (C) was done for the whole anterior two-thirds of adult mouse tongue during the postnatal development. Percentage changes in labeled taste bud (3 mice at each age per group) (D) and in labeled cells per taste bud (3 mice at each age per group, 10 taste buds per animal; thus, 30 taste buds for each age per group) (E) were compared. *P < 0.05, **P < 0.01, ***P < 0.001, control versus exposure. Bar, 10 μm.
the two regions, either in the control or in the exposure group (P > 0.05; Figure 4B ). The regional differences were further compared between the control and exposure groups. In the anterior region, the early intraoral AK stimulation increased both the number of positive taste bud and the number of positive cell in a single taste bud significantly compared with the corresponding control group at week 9 (P < 0.05; Figure 4 ). However, in the intermediate region, no remarkable difference was observed either in the number of positive taste bud or the number of positive cell per taste bud between the two groups (P > 0.05; Figure 4) . Thus, the increased α-Gustducin-positive taste buds and positive cells are predominately derived from the anterior region of mouse tongue.
Discussion
This study examined the effects of early postnatal exposure of the gustatory system to AK on the development of fungiform taste buds and on adult taste preferences for AK. Mice exposed to AK solution (10 mg/mL, 2 mL, infused slowly to the dorsal surface of the tongue within 10 min, twice daily) during the lactation period (from P4 to P21) had higher preference scores and lower preference thresholds for AK and sucrose in the adulthood compared with the control mice. Moreover, the early intraoral AK stimulation induced more α-Gustducin-labeled taste buds and more cells in a single taste bud from week 7. The regional analysis revealed that the increase in the number of positive taste bud or positive cell number in a single taste bud is predominately in the anterior region of mouse tongue. The key finding that a total of 20 min/day of AK exposure would have an effect on adultexpressed taste preference thresholds and on taste bud structure is very interesting.
AK, as one of the artificial sweeteners, calorie-free, has been used extensively nowadays in nearly 90 countries (Armenta et al. 2004 ). Previously, we have found that AK, except for the elimination largely in the urine (Renwick 1986) , is capable of being transferred to amniotic fluid or mother's milk after a single intragastric infusion (Zhang et al. 2011) . Moreover, mother's dietary exposure to AK in pregnancy or lactation decreases the preference thresholds but enhances the preferences for AK and sucrose solutions in the adult mice offspring, without changing the preference pattern (Zhang et al. 2011 ). Presently, a much more direct way of early exposure (from P4 to weaning) to pups is performed, which is the intraoral infusion of AK solution (10 mg/mL, 2 mL, infused slowly to the dorsal surface of the tongue within 10 min, twice daily). However, such direct exposure to pups produces similar behavioral changes as described in the results, confirming our previous findings in which the AK exposure is conducted on the mothers.
Physiological studies have demonstrated that chorda tympani, mainly dominating fungiform taste buds, responded intensively to sweeteners (Danilova and Hellekant 2003) . Notably, α-Gustducin, as a primarily taste-specific G protein α-subunit, is a key molecule involved in sweet, bitter, and umami taste transductions (Kim et al. 2003b; Glendinning et al. 2005; Danilova et al. 2006; Palmer 2007) . In mice, most taste cells in the fungiform papillae expressing taste receptor T1R2 or T1R3 coexpress α-Gustducin, suggesting that α-Gustducin plays a role in the sweet taste signal transduction cascade mediated by a sweet receptor based on the T1R2 and T1R3 combination in fungiform papillae (Kim et al. 2003b; Moon et al. 2010) . The preference ratios of the α-Gustducin knockout mice are significantly lower than those of wild type for many sweeteners, including AK and sucrose (Danilova et al. 2006) . A proposed mechanism for α-Gustducin involves coupling specific cell-surface receptors with a cyclic nucleotide phosphodiesterase that would open a cyclic nucleotide-suppressible cation channel, leading to influx of calcium and, ultimately, to release of neurotransmitter (Spielman 1998) . Here, we observed that intraoral infusion of the AK sweetener solution at the early postnatal stage (from P4 to weaning) increased the number of α-Gustducin-positive fungiform taste bud or positive cell number in a single taste bud in the adulthood. Together with our previous findings that such intraoral exposures lead to the facilitation of the development of fungiform taste buds (Zhang et al. 2010) ; both anatomical and biochemical changes in mouse fungiform taste buds are substantially induced by the early postnatal AK stimulation, which seems to account for the alterations in the sweet preference behavioral tests. As early AK stimulation induced more α-Gustducin-positive taste buds and cells in adult mice, the sweet transduction might be enhanced, which led mice to be more sensitive to sweet solutions, like them better, and drink more. It should be noted that α-Gustducin is expressed in 87% and 88% of Tas2rs cells in the soft palate and fungiform taste buds, respectively (Miura et al. 2007 ). The palatal taste buds are also very important in sweet-signal transduction. Thus, it is worth detecting the potential changes of α-Gustducin expression in the soft palate, which may contribute to the behavioral effects. As α-Gustducin is expressed not only in sweet but also in bitter and umami taste receptor cells, the increased number of α-Gustducin-positive cells found in this study may be associated with changes in sweet, umami, and/ or bitter taste. During the postnatal development, the total number of α-Gustducin-positive fungiform taste bud or positive cell number per taste bud in the whole anterior two-thirds of mouse tongue grows, as described in the results. The regional analysis on the expression of α-Gustducin in adult mouse showed that the number of positive taste buds in the anterior region (the anterior 1 mm) was much higher than that in the intermediate region (the caudal 4 mm), without a regional difference in the number of positive cells in a single taste bud, consistent with the previous report (Zhang et al. 2008b ). However, the early intraoral AK stimulation resulted in more positive taste buds and cells in a single taste bud only in the anterior region, but not the intermediate region. The reason for the regional differences in α-Gustducin expression pattern is unclear. Probably, as the α-Gustducin is believed to be a reliable marker of chemosensitive cells, the observation of the α-Gustducin immunoreactivity in the anterior and intermediate regions of the tongue may imply the functional differences between the 2 regions. The anterior region of mouse tongue is very likely to be more sensitive to the sweet solutions (AK, sucrose, and so forth), or more responsible for the sweet taste sensation than the intermediate region. Alternatively, some cellular or molecular factors, other than α-Gustducin, might be involved in the sweet taste sensation and could have plasticity changes induced by early AK exposure. For example, transient receptor potential melastin 5, expressing in taste receptor cells (Pérez et al. 2002) , is also very important for sweet, umami, and bitter taste sensations (Zhang et al. 2003; Wu et al. 2010) .
Although there was no significant difference in the percentage of gusducin-labeled taste buds between the control and the exposure groups until week 7, the increase in the number of labeled taste buds may occur earlier because we did not test for possible changes between week 3 and week7. It is noted that such intraoral AK stimulation increased the percentage of pored taste buds as early as week 2 (Zhang et al. 2010) . The early postnatal intraoral infusion of AK solution promoted the development of fungiform taste buds (Zhang et al. 2010) and impacted taste bud function (e.g., α-Gustducin expression pattern), but the exact mechanism remains unknown. Probably, the early exposure of the gustatory system to AK could induce the changes in some key factors, which influence the development of taste buds directly or indirectly. One candidate is a hormone leptin, the product of the obese gene, which is primarily produced in adipose cells and plays important roles in regulation of energy homeostasis. In mice, sweet-sensitive cells possess a leptin receptor. Leptin binds with its receptors in fungiform taste buds and alters the message conveyed by sugar-responsive neurons to the brain dopamine centers (Lu et al. 2012) . The plasma leptin level and sweet taste sensitivity are proposed to link with postingestive plasma glucose level. Leptin is likely to be downregulated because AK is able to increase glucose absorption in rat small intestine (Mace et al. 2007 ). Decrease of plasma leptin enhances sweet taste responses via the receptor. Thus, both the enhanced sweet message and the increased plasma glucose affect the corresponding brain nervous centers, which may in turn impact the development of the fungiform papilla by its downstream neurohumoral mechanisms. For example, neurotrophins such as brain-derived neurotrophic factor and neurotrophin-4 have important roles in regulating the development and spatial patterning of fungiform papilla and targeting of taste neurons to these sensory structures (Krimm et al. 2001; Karege et al. 2002) . Other factors may also be involved. The cytokines, including interleukin β1, tumor necrosis factor α, interleukin-10, and transforming growth factor β1, may play a role in cell proliferation (Ruohonen et al. 2002) . The signaling molecules in mouse tongue, such as TGF-beta3, epidermal growth factor, Wnt-beta-catenin, and Shh, are also critical for fungiform papilla and taste bud development (Iwatsuki et al. 2007; Liu et al. 2008; Liu and Millar 2010; Nakamura et al. 2010) . However, there is a complex interaction among the epithelial, mesenchymal, and neural tissues in the development of taste buds (Kim et al. 2003a; Jung et al. 2004 ). In contrast, given that taste buds do not appear in rodents until (or after) birth and the pores for different populations develop exclusively postnatally, the impacts of the prenatal exposure to AK during pregnancy on taste function (Zhang et al. 2011 ) might be attributed to the downstream regulation of the brain dopamine centers.
As mentioned above, the noncaloric artificial sweetener AK is able to increase glucose absorption in rat small intestine, where intestinal brush cells or solitary chemosensory cells have a structure similar to lingual taste cells and strongly express α-Gustducin (Mace et al. 2007 ). Microdialysis measurements have revealed nutrient-specific dopaminergic responses in accumbens and striatum during intragastric infusions of glucose or serine, suggesting that carbohydratespecific preferences can develop independent of taste quality, an effect associated with the ability of a given nutrient to regulate glucose metabolism and stimulate brain dopamine centers (Ren et al. 2010) . Another study in trpm5/ mice also showed that calorie-rich nutrients could directly influence brain reward circuits that control food intake independent of palatability or functional taste transduction (de Araujo et al. 2008) . Based on these reports, it is conceivable that the early AK infusion not only induces the peripheral anatomical changes but also influences the brain reward circuits by affecting glucose absorption, both of which contribute to the behavioral effects in adulthood.
Recent studies have revealed that C57BL/6J (B6) mice display stronger preference and acceptance for various sweeteners than do 129P3/J (129) mice, due in part to variations in their sweet taste receptors. However, these strain differences in sweetener preference disappeared when the adult mice were retested with sucrose and saccharin (Sclafani 2006 , Sclafani 2007 ). As we presently observed that the early intraoral exposure affected the expression pattern of α-Gustducin in fungiform papilla and the adult sweetener preference, the period for sweetener exposure seems to be vital. Based on our previous and present data that exposures to AK during the prenatal and the first 3 weeks of the postnatal period have similar effects on sweetener preference in adult mice, it appears that the perinatal period (pregnancy and lactation) is critical for exposure. Probably, the length of exposure time needs no less than 10 days, which covers the turnover cycle of cells in taste buds. On the other hand, given that the experiential and postoral effects of sugar substantially modify sweetener preference, overriding genetic differences in peripheral taste sensitivity in determining food appetite (Sclafani 2006 , Sclafani 2007 , the changed adult sweet preference is likely to be attributed more to the postingestive effects than to the peripheral anatomical alterations by early intraoral AK infusion.
Limitations in this study should be considered. First, the concentration of 10 mg/mL (49.72 mM) AK used for oral stimulation probably evokes both sweet and bitter taste in mice, and, therefore, effects of oral treatment with this solution may be explained by stimulation of sweet taste, bitter taste, or both. Second, water was used as the control stimulus here. Other control groups with different stimuli (e.g., salts) would be much better to show that the results are due to taste and not a generalized experience effect. Third, TBP behavioral test was applied here, which was related to the postingestive effects due to increased consumption of AK and sucrose. Other alternative methods, such as lickometer testing, may be useful to avoid the shortcoming and to analyze the early exposure effects better. Besides, only male mice were studied here. Whether there is sexual difference in sweet preference or in α-Gustducin expression pattern requires further research.
In summary, we found that the intraoral AK stimulation to mice at the early postnatal stage (from P4 to weaning) was able to decrease the adult's sweet preference thresholds but, at the same time, able to increase the preference scores, the number of α-Gustducin-positive fungiform taste bud, and positive cell number in a single taste bud, with regional differences in the tongue.
